Abstract. Background suppression of weak small targets in infrared image is the key of image tracking and monitoring, especially under the cloud background. In the area of image signal processing, there are a lot of background suppression methods can be used to image filter by combining the characteristics of infrared image under the cloud background. In this paper, we introduce three typical background filter methods such as pulse median filter, multi-structural morphological filter and wavelet threshold method, realize them using MATLAB, and analyze their performances of background suppression of weak small targets in infrared image under the cloud background.
Introduction
Background suppression of weak small targets in infrared image is the key of image tracking and monitoring, especially under the cloud background. Various image preprocessing algorithms are used for the target enhancement of infrared image and background suppression, in order to improve the SNR of image. Infrared image background generally has relevance in the low-frequency domain of the image, and the target in the background is generally located in the high-frequency portion of the image in the frequency domain. Therefore, the image background can be suppressed directly, and it can also be predicted to realize the background suppression by calculating the residual image.
Median filter is an image signal filter technology in the sort of statistics presented on the basis of theoretical principles. Suppressing noise (especially impulse noise) can save target signal edge, and acute angle details. Top-hat transform algorithm (Top-hat) [1] is attributed to a non-linear filter, which effect is better than the median filter during the image background suppression, but we need the priori knowledge of image before making the top-hat transform for it. In the image signal processing point of view, its adaptability is weak. Mohiy found the two-dimensional least mean square filter (TDLMS) [2] . Its main application is two-dimensional linear prediction in the background of the image, and after subtracting the estimated background image with the original image, in order to enhance the signal to noise ratio. Lee et al [3] found a weighted low-pass filter method, which would not only make images smoother, but also save the details of the target image edge, but its applicability and versatility relatively are poor. Zeng [4] found a median filter based on bilateral, introduced in the background filter process template to enhance the image of inhibition effect, but these methods required the actual background to create a template.
Mathematical Morphology background suppression primarily using morphological structure elements are not the same as opening or closing operation to suppress the background of the image. It is firstly to define structural element (filter window) of the image signal to match, in order to better extract destination information, and then to suppress noise. Mathematical morphology filter [5] [6] is a relatively common for small target image background suppression methods. It firstly analyzes the relationship between the pixel and pixels in the image, and then to take a set of operators such as dilation, erosion, opening, and closing. Many domestic and foreign researchers apply Top-hat transform to the field of infrared image background suppression [7] [8].
Morphological reconstruction filter [9] belongs to the important morphological filter algorithm for a class while processing the binary. If you do not have a target in the presence of the marker images, do not restore the image, on the contrary, the image can be completely recovered. Morphological reconstruction filter is not sensitive to noise, while suppressing the background, does not produce a new signal noise [10] , and does not change the position of the image [11] . Ref. [12] used morphological reconstruction filter to implement infrared image background suppression, which got better results than Top-Hat transformation. Ref. [13] proposed an infrared image based on morphology background suppression algorithm, which was realized in the FPGA platform.
Wavelet transform method for image background suppression belongs to image transform domain method. In 1986, Mallat [14] was the first one found the fast algorithm to signal decomposition and reconstruction of the wavelet transform algorithm based on the classical fourier transform. After that, Donoh and J.Sotue et al. found the soft threshold wavelet transform and the hard threshold wavelet transform [15] [16] image background suppression methods. They deduced formulas traditional wavelet threshold, and made it confirmed that its proposed threshold was the best one. This year, Donoh and Coifrnan studied a translation invariant wavelet background suppression algorithm [17] . According to this principle, Johnstone [18] , who focused on adaptive thresholding wavelet transform with a translation invariant background fusion inhibition, discovered a face image spatial wavelet threshold background suppression method, which chose the threshold according to the statistical properties of the image shift. Zhao found a complex algorithm based on wavelet transform local domain. Luisier [19] found that a ladder operation without relying on wavelet transform background suppression method.
In this paper, we choose three typical background filter methods such as pulse median filter, multi-structural morphological filter and wavelet threshold method as examples to compare their performances of background suppression of weak small targets in infrared image under the cloud background.
Pulse Median Filter
There are mainly two steps in the pulse detection algorithm based on adaptive median filter on cloud background infrared image background suppression. The first step is to use the extreme value method for cloud background image processing by using the structure information between neighboring pixels, which set an appropriate threshold value to detect information signals or noises points; the second step is to use the noise point estimate of different regions in the image based on noise interference to adaptively adjust the window size, and then use the pulse median filter based on impulse noise to realize background suppression.
Multi-structural Morphological Filter
Traditional morphological filter is typically to select only one structural element for background suppression. At the edge of clouds, image gray value is higher, and it likely contains noise which impacts the SNR of targets. To solve this problem, before the infrared image background suppression, the first step is to analyze the structural shapes of clouds edge, and then select a multiple structural element with the size and the direction associated with cloud edges. In morphological filter, we use a variety of different sizes and shapes of structural elements to do background suppression for infrared image under cloud background, using several structural elements for the image to conduct rot, expandable composition operation to achieve the best background suppression excellent results. Taking into account the infrared image influenced by light and other factors, image at the edge of the clouds and some interior region generally has high gray value. It is extremely easy to cause much noise which impacts the target' SNR during the process of small target background suppression. According to the specific structural features of the clouds and the correlation of the gray values of adjacent pixels, selecting the appropriate structural elements is very important to the infrared image morphological filter under cloud background.
Wavelet Threshold Method
There are many methods of using wavelet for image background suppression. In this paper, we use the method of wavelet transform threshold background suppression to process clouds image, which is a method of image background suppression with a simple design and a better effect. In cloud background infrared image, most noises and clouds are in the low frequency domain, but the target is in the high frequency domain. To sum up, the wavelet coefficient of target is greater than the wavelet coefficient of clouds and noises. So, in the whole process of the wavelet transform, we need to select an appropriate threshold, in the processing of wavelet coefficient, to inhibit the small coefficients of contain noise and clouds interference, and to keep the large wavelet coefficients. Using the method of wavelet transform threshold background suppression, there are two very important factors closely related to the effect of image after suppression: one is the selection of threshold function; the other is the selection of threshold parameter. Threshold functions mainly include the hard threshold function and soft threshold function. The hard threshold function, although it has good inhibition effect, can better protect the image edge detail information, but the image reconstruction is prone to distortion. And for the soft threshold function, its process is relatively smoother, but the details in image edge are prone to distortion.
Test results
We use MATLAB to simulate several traditional background suppression methods, including the pulse median filter, the multi-structure morphological filter, the wavelet threshold method with the hard threshold function and the soft threshold function. The experimental results are seen in Fig. 1 . Fig. 1(b) , we can find that pulse adaptive median filter algorithm for cloud background infrared image has a good inhibitory effect, and part pixels of the cloud background infrared image will be affected by impulse noise. Pulse median filter plays a significant inhibitory effect, but not good in image gray smooth and strong border areas.
From the
In Fig.1(c) , it shows that multi-structure morphological filter has a good background suppression effect, but part of the structural elements of small target easily be filtered out as noise.
The experimental results (Seen in Fig. 1(d) and Fig. 1(e) .) show the effects of background suppression using wavelet threshold methods with the hard threshold function and the soft threshold function. The hard threshold function, as it has a good inhibitory effect, can well protect the image edge details and other information, but it is prone to distortion in the entire image. The soft threshold function is relatively smoother than the hard threshold function, but the information tends to be distorted at the edges of the image.
Conclusion
In this paper, the pulse median filter, the multi-structure morphological filter and wavelet threshold method have been simulated using MATLAB. As the experimental results shown, the pulse median filter has good inhibitory effect but not good in image gray smooth and strong border areas, the multi-structure morphological filter has some limitations for part of the structural elements of small target easily being filtered out as noise, and wavelet threshold method maybe result that the image information is incomplete and the SNR of the image is decreased.
